Background and Purpose-Early infection after stroke is frequent but the clinical value of antibiotic prophylaxis in acute stroke has never been explored. Objective and Methods-The Early Systemic Prophylaxis of Infection After Stroke (ESPIAS) is a randomized, double-blind, placebo-controlled study of antibiotic prophylaxis in patients older than 18 years with nonseptic ischemic or hemorrhagic stroke enrolled within 24 hours from clinical onset. Interventions included intravenous levofloxacin (500 mg/100 mL/d, for 3 days) or placebo (0.9% physiological serum) in addition to optimal care. A sample size of 240 patients was calculated to identify a 15% absolute risk reduction of the primary outcome measure, which was the incidence of infection at day 7 after stroke. Secondary outcome measures were neurological outcome and mortality at day 90. Results-Based on a preplanned futility analysis, the study was interrupted prematurely when 136 patients had been included. Levofloxacin and placebo patients had a cumulative rate of infection of 6% and 6% (Pϭ0.96) at day 1; 10% and 12% (Pϭ0.83) at day 2; 12% and 15% (Pϭ0.66) at day 3; 16% and 19% (Pϭ0.82) 
I
nfections are diagnosed in 21% to 65% of patients with stroke, [1] [2] [3] [4] [5] [6] and this complication may increase the mortality and worsen clinical outcome. 2, [7] [8] [9] Acute infections may also increase the risk of stroke, 10 particularly during the first 3 days of infection. 11 The mechanisms responsible for worse outcome after infection are compound, including the effects of hypoxia, homeostasis unbalance, and fever. 12 However, the administration of antipyretics to febrile or afebrile patients with acute stroke did not show a robust clinical impact, [13] [14] calling for alternative or additional methods to achieve effective thermoregulation in stroke.
Current guidelines do not recommend empirical antibiotic prophylaxis in patients with acute stroke but encourage a search of infections to start tailored treatment without delay. 15, 16 However, these recommendations are not supported by randomized controlled trials. 17 The Early Systemic Prophylaxis of Infection After Stroke (ESPIAS) Study was designed to address whether early antibiotic prophylaxis in afebrile patients with acute stroke reduced the incidence of infections and improved the clinical outcome.
Recently, it has been reported in mice an increased infectious vulnerability secondary to a stroke-induced immunodepression syndrome. 18 Several preclinical studies have described the neuroprotective effects of moxifloxacin 19 and minocycline 20 after transient focal brain ischemia, further justifying a clinical trial such ESPIAS.
Materials and Methods
ESPIAS is an academic, randomized, double-blind administration of an antibiotic or placebo within 24 hours from symptom onset in patients with ischemic or hemorrhagic stroke. The study was performed between March 2002 and March 2004 and had official approval by our institutional review board. Serious adverse events were reported to an independent data and safety monitoring board. Eligibility criteria included age older than 18 years, baseline National Institutes of Health Stroke Scale (NIHSS) Ն5, and written informed consent from the patients or their next-of-kin. Exclusion criteria were infection on admission or within the preceding 3 months, axillary temperature Ͼ37. 7°C, allergy to fluoroquinolones, history of epilepsy, seizures at stroke onset, serum creatinine Ͼ2.5 mg/dL, and use of antibiotics, immunosuppressants, or steroids within the preceding 3 months.
Patients were admitted into the stroke unit and managed by stroke neurologists and specialists on infectious diseases. A flow diagram showing the progress of patients throughout the trial is shown in Figure 1 . Patients had a brain CT scan or brain MRI before treatment onset. The diagnostic work-up was conducted as appropriate to identify the cause of stroke. Hemorrhagic strokes were classified as lobar or deep hematomas, and ischemic strokes were categorized as cardioembolic, lacunar, atherothrombotic, or caused by unknown factors. 21 Neurological function was assessed every 8 hours and clinical worsening defined an increase of at least 4 points in the NIHSS score. 22 Oxygenation, heart rate, blood pressure, and respiratory function were continuously monitored during the first 3 days, and axillary temperature was recorded every 4 hours until hospital discharge. At 3 months, stroke survivors were assessed using the NIHSS, the modified Rankin Scale, and the Barthel Index. Favorable outcome defined a modified Rankin Scale Ͻ2, NIHSS score Ͻ2, and a Barthel Index of 95 or 100.
Patients were randomly allocated to receive for 3 days 500 mg/100 mL levofloxacin or an identical volume of placebo (0.9% physiological serum) intravenously, using a computer-generated number sheet, and opening a numbered sealed envelope by a pharmacist, nurse, or fellow. Levofloxacin was selected for its excellent in vitro activity and clinical efficacy against organisms associated with upper and lower respiratory tract infections and common urinary tract pathogens that may complicate stroke. 23 Available postmarketing surveillance data also indicated that levofloxacin possessed an unparalleled safety database. 24 Study treatment was prepared at the central pharmacy of the institution and kept within its premises until allocation.
Blood samples were collected before treatment onset and at days 1, 2, 3, 4, 7, and 90 to assess white blood cell count (Pentra DX 120; ABX Diagnostics) and C-reactive protein (Dade-Behring, Newark, NJ) levels. Specialists on infectious diseases established the occurrence of incident infections and advised the most appropriate management. Blood cultures were obtained if temperature Ͼ37.5°C. Urine or respiratory samples were assessed in the presence of appropriate symptoms or if fever was not accompanied by any focal symptoms.
Infection was defined if temperature Ͼ37.5°C in 2 determinations or Ͼ37.8°C in a single determination in patients with suggestive symptoms (ie, cough, dyspnea, pleuritic pain, urinary tract symptoms), white blood cell count Ͼ11 000/mL or Ͻ4000/mL, pulmonary infiltrate on chest x-rays, or cultures positive for a pathogen. Otherwise, temperature Ͼ37.8°C was classified as noninfectious hyperthermia. Infection was further classified as early, if it occurred within the first 7 days after stroke, and late, when it supervened between days 8 and 90 after stroke. The study medication was withdrawn when an incident infection was diagnosed. In these instances, an antibiotic regime was initiated as appropriate, preferentially with levofloxacin, unless an antibiogram recommended otherwise.
The primary outcome measure of ESPIAS was the difference in early infection between treatment groups. Secondary outcome measures were mortality and favorable outcome at day 90, which indicated a modified Rankin Scale Ͻ2, a NIHSS score Ͻ2, and a Barthel Index of 95 or 100.
Statistical Analysis
To ensure 80% power for the primary efficacy on intention to treat analysis, 240 patients were required, assuming a rate of infection in the placebo group of 30% and a 15% absolute risk reduction by levofloxacin. A blinded interim analysis was planned by the data and safety monitoring board at Ϸ50% of the information fraction based on ␣-spending function resembling the O'Brien-Fleming type (East v3.3.0 program). Dichotomous and categorical data were compared by use of Fisher exact test. Continuous variables were assessed with Student t test for normally distributed data or the Mann-Whitney U test otherwise. All tests were 2-tailed and at a 0.05 level of significance. ANCOVA adjusted for baseline values was used to assess changes of C-reactive protein, white blood cell counts, and temperature; between-treatment comparisons were only performed when the interaction term of time with either infection or treatment was statistically significant. Logistic regression modeling was used to assess baseline predictors of favorable outcome at day 90. The analysis was executed using SAS v8.2.
Role of the Funding Source
The Fondo of Investigaciones Sanitarias of the Spanish Ministry of Health (grant FIS 02-0477) funded ESPIAS. 
Results

Premature Termination of the Study
The data and safety monitoring board recommended the premature stop of the trial after the analysis of the first 130 patients. At that point, the main end point incidence was 17.2% for placebo (11/64) and 18.2% for levofloxacin (12/ 66) , and the innermost ascending pointed line was crossed by the calculated Z statistic, leading to the conclusion that the working hypothesis was not plausible.
Study Population
Although there were no new inclusions, 6 patients completed the follow-up (3 in levofloxacin and 3 in the placebo arm) after that sequential analysis. The final intention-to-treat population was then formed by 136 patients: 67 patients allocated levofloxacin, and 69 allocated placebo. As shown in Figure 1 , treatment was interrupted prematurely before the 3 days in similar proportions in the 2 treatment groups (Pϭ0.95). None was lost to follow-up or premature interruptions as the result of adverse events.
More patients had coronary heart disease or deep hematoma in the levofloxacin group, but the differences did not reach statistical significance, as shown in Table 1 . Other baseline characteristics, including the severity of stroke, vital functions, biochemistry, or treatment delay, were similar in the 2 treatment groups, as described in Table 1 .
Primary Outcome Measure
Twenty-four patients (17.6%) had early infection, and 19 patients (13.9%) had late infection. Levofloxacin and placebo patients had a cumulative rate of infection of 6% and 6% (Pϭ0.96) at day 1; 10% and 12% (Pϭ0.83) at day 2; 12% and 15% (Pϭ0.66) at day 3; 16% and 19% (Pϭ0.82) at day 7; and 30% and 33% (Pϭ0.70) at day 90. Mean (SD) time delay to infection was similar in levofloxacin and placebo groups (3.4 [ With the exception of a higher prevalence of chronic obstructive pulmonary disease, patients with an early infection disclosed no significant differences in demographics, baseline vital functions, and risk factors compared with noninfected patients, as indicated in Table 2 . However, patients with infection had more severe strokes on admission, higher white blood cell counts greater mortality, and worse neurological outcome. At follow-up, white blood cell counts, C-reactive protein, and temperature increased more significantly in patients with early infection, regardless of treatment allocation, as shown in Figure 2 .
Secondary Outcome Measures
Favorable outcome at day 90 was inversely and independently associated with baseline NIHSS score (OR, 0.72; 95% CI, 0.59 to 0.89; Pϭ0.002) and allocation to levofloxacin (OR, 0.19; 95% CI, 0.04 to 0.87; Pϭ0.03) after adjustment for the effect of age, treatment delay, early infection, stroke subtype, temperature, and white blood cell count. [25] [26] [27] [28] [29] An exploratory analysis restricted to patients with ischemic stroke confirmed the independent negative predictor value of baseline NIHSS (OR, 0.66; 95% CI, 0.51 to 0.86; Pϭ0.003) and allocation to levofloxacin (OR, 0.17; 95% CI, 0.02 to 0.99; Pϭ0.04).
Mortality at day 90 was nonsignificantly increased in patients allocated to levofloxacin (24% versus 13%; Pϭ0.12). The proportion of deaths primarily caused by an infectious complication was 19% in the levofloxacin group and 22% in the placebo group (Pϭ0.21).
Discussion
Observational studies have described a worse outcome in patients with infection early after stroke, 2,7-9 but current acute stroke therapy guidelines dissuade, 15 or disregard, 16 the value of antibiotic prophylaxis. ESPIAS is the first randomized, double blind, placebo-controlled study of early antibiotic prophylaxis in nonseptic acute stroke. The study was interrupted prematurely because a pre-established futility analysis showed that the primary clinical hypothesis could not be rejected for the rate of infection was similar in patients allocated to levofloxacin or placebo. Allocation to placebo disclosed an infection rate lower than predicted, most likely because the study was performed in a stroke unit rather than in a conventional ward. 25 However, this lower event rate did not decrease the statistical power to identify percent differences in treatment response. Nevertheless, the study was probably not properly powered to investigate the safety of levofloxacin. ESPIAS found that levofloxacin significantly reduced the chances of stroke recovery despite the adjustment of other putative outcome predictors. [25] [26] [27] [28] [29] More patients with deep hematoma had been randomly allocated to levofloxacin, but we confirmed the deleterious effects of levofloxacin in exploratory analyses restricted to patients with ischemic stroke. Levofloxacin had previously shown a very low incidence of side effects from the central nervous system, including headache, anxiety, sleeplessness, agitation, or seizures. 24 However, the safety of levofloxacin had never been explored specifically in stroke patients, and it could be argued that in this clinical setting the drug could be detrimental because of its inhibitory effects on GABA neurotransmission and/or its excitatory effects on glutamate. 30 -31 Nevertheless, a note of caution is required because clinical outcome was a secondary aim of the study, and the confidence intervals of the effect of levofloxacin did not exclude that its deleterious contribution might be small.
In agreement with previous studies, 32 half of the infections occurred within the first week after stroke, more frequently in patients with severe stroke on admission. [1] [2] [3] [4] [5] [6] The incidence of late infections was similar in the 2 treatment groups, denying that levofloxacin delayed the appearance of infection. The patients with an infection that developed early after stroke had an increased mortality and greater neurological impairment at day 90, although the negative prognostic effect of early infection was mostly explained by the greater severity of the stroke before the infection.
In summary, ESPIAS showed that in patients managed in a stroke unit, levofloxacin did not prevent infections more effectively than placebo, emphasizing the importance of general measures for infection prophylaxis. Some evidence also suggested that levofloxacin could lessen the chances of functional recovery. Contrarily, ESPIAS did not exclude that other levofloxacin dose regimens or alternative antibiotics might differ from these findings. Yet stroke patients at special risk for infection or managed in less specialized hospital settings might obtain some benefits from a prophylactic treatment. Meanwhile, admission into a stroke unit and early detection and treatment of infections seem the most judicious recommendations. Whether levofloxacin can be safely given to acute stroke patients with ongoing infection deserves additional study.
